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(54) Wet flue gas desulfurizatlon system 

(57) This invention provides a wet flue gas desulfuri- 
zatlon systenn for removing sulfur dioxide present in flue 
gas by absorption into an absorbent slurry, which com- 
prises an absorption tower (1) having at the bottom 
thereof a tank (2) for holding an absorbent slurry; a cir- 
culating pump (4) for feeding the absorbent slurry within 
the tank to a flue gas inlet section (la) In the upper part 
of the absorption tower and bringing the absorbent slur- 
ry into contact with flue gas; and a slurry preparation 



compartment (22) provided on one side of the tank of 
the absorption tower and separated from the flue gas 
passage section (26) by a partition wall (21) having its 
lower end submerged below the surface of the absorb- 
ent slurry, whereby an absorbent and water constituting 
the absorbent slurry are directly introduced into the slur- 
ry preparation compartment. Thus, the absorbent sup- 
ply system is improved to achieve a marked simplifica- 
tion of the equipment. 
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Description 

BACKGROUND OF THE INVENTION 

1 ■ Field of the Invention 

This invention relates to a wet flue gas desulfuriza- 
tion systenn \Artierein flue gas from thermal electric power 
plants and the like is brought into contact with an ab- 
sorbent slurry whereby sulfur dioxide present therein is 
absorbed and removed. More particularly, it relates to a 
wet flue gas desulfurlzation system using an improved 
method for supplying an absorbent slurry to the absorp- 
tion tower. 

2. Description of the Related Art 

In recent years, wet flue gas desulfurlzation sys- 
tems of the commonly referred to in-situ oxidation type 
have become popular In these systems, the necessity 
of an oxidation tower is eliminated by supplying air to 
the tank of an absorption tower so that a absorbent slur- 
ry (usually containing a calcium compound such as lime- 
stone) having sulfur dioxide absorbed therein may be 
oxidized by contact with air to form gypsum as a by- 
product. 

In the above-described conventional wet flue gas des- 
ulfurlzation system, a pit for the preparation of an ab- 
sorbent slurry (i.e., slurry preparation tank) and compo- 
nents attached thereto (e.g., stirrer, slurry pump, and the 
pipe line extending from slurry pump to tank) are re- 
quired. Consequently, there has been a limit to the sim- 
plification of the equipment which tends to be more and 
more eagerly desired in recent years. 

Accordingly, as a means for simplifying such sys- 
tems, the present inventors have already proposed a dry 
feed mechanism in which limestone used as absorbent 
is conveyed from the silo to the absorption tower by 
pneumatic conveyance (as described, for example, in 
Japanese Patent Publication No. 56130/'90). This 
mechanism makes it possible to eliminate the pit for the 
preparation of an absorbent slurry. 

However, even if this mechanism is employed, a 
compressor and a limestone conveying line for pneu- 
matic conveyance are still required. Accordingly, there 
is a need for further simplification of the equipment. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
above-described existing state of the prior art, and an 
object thereof is to provide a wet flue gas desulfurlzation 
system wherein the absorbent supply system is im- 
proved to achieve a marked simplification of the equip- 
ment. 

In order to accomplish the above object, the present 
invention provides; 



(1 ) A wet flue gas desulfurlzation system for remov- 
ing sulfur dioxide present in flue gas by absorption 
into an absorbent slurry, which comprises an ab- 
sorption tower having at the bottom thereof a tank 

5 for holding an absorbent slurry; a circulating pump 
for feeding the absorbent slurry within the tank to a 
flue gas inlet section in the upper part of the absorp- 
tion tower and bringing the absorbent slurry into 
contact with flue gas; and a slurry preparation com- 

10 partment provided on one side of the tank of the ab- 
sorption tower and separated from the flue gas pas- 
sage section by a partition wall having its lower end 
submerged below the surface of the absorbent slur- 
ry, whereby an absorbent and water constituting the 

IS absorbent slurry are directly introduced into the 
slurry preparation compartment. 

(2) A wet flue gas desulfurlzation system as de- 
scribed above in (1 ) wherein a vent pipe having an 
open upper end is provided at the top of the slurry 

20 preparation compartment. 

(3) A wet flue gas desulfurlzation system as de- 
scribed above in (1) or (2) wherein a nozzle for in- 
jecting water constituting the absorbent slurry into 
the slurry preparation compartment is provided. 

25 (4) A wet flue gas desuifurization system as de- 
scribed above in (3) wherein the direction of injec- 
tion of the nozzle is determined so as to be parallel 
to an inner sidewall of the slurry preparation com- 
partment. 

30 

According to the present invention, a wet flue gas 
desulfurlzation system is constructed so that, on one 
side of the tank of the absorption tower, there is provided 
a slurry preparation compartment separated from the 

35 flue gas passage section by a partition wall having its 
lower end submerged below the surface of the absorb- 
ent slurry, whereby an absorbent and water constituting 
the absorbent slurry are directly introduced into the slur- 
ry preparation compartment. Thus, a large number of 

40 conventionally required devices and components, in- 
cluding the absorbent slurry preparation tank, the stirrer, 
the slurry pump, and the pipe line extending from the 
slurry pump to the absorption tower, can be totally elim- 
inated to achieve a marked simplification of the equip- 

45 ment. The partition wall used in the system of the 
present invention to separate the slurry preparation 
compartment from the tank functions prevents the intro- 
duced absorbent from coming into contact with water 
vapor produced in the absorbent tower and flue gas 

so passing therethrough, and thereby suppresses the phe- 
nomenon in which the introduced limestone absorbs 
moisture as a result of contact with such water vapor or 
flue gas and settles in the form of lumps. 

Moreover, when a vent pipe having an open upper 

ss end is provided at the top of the slurry preparation com- 
partment, the water vapor produced in the slurry prep- 
aration compartment is discharged, so that the intro- 
duced limestone scarcely comes into contact with such 
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water vapor produced in the slurry preparation compart- 
ment. As a result, the phenomenon in which limestone 
powder is deposited as wet adherent scale in the neigh- 
borhood of the inlet port can be more positively prevent- 
ed to achieve a smoother supply of the absorbent and 
thereby secure higher reliability of the entire system. 

Furthermore, when a nozzle for injecting water con- 
stituting the absorbent slurry into the slurry preparation 
compartment is provided, the slurry within the slurry 
preparation compartment is agitated by the flow of the 
injected water, so that the solid component (i.e., lime- 
stone) is restrained from precipitating to the bottom of 
the slurry preparation compartment. Consequently, the 
phenomenon in which the. introduced limestone precip- 
itates and settles in the slurry preparation compartment 
can be more positively prevented to achieve a smoother 
supply of the absorbent and thereby secure higher reli- 
ability of the entire system. 

Especially when the direction of injection of the noz- 
zle Is determined so as to be parallel to an inner sidewall 
of the slurry preparation compartment, a swirling and 
strong stream of water is efficiently produced in the slur- 
ry preparation compartment, resulting in essentially no 
precipitation of the limestone. Thus, the above-de- 
scribed effect becomes more pronounced. 



a circulating pump 4 whereby sulfur dioxide present in 
untreated flue gas A is absorbed and removed. The re- 
sulting flue gas Is discharged as treated flue gas B from 
a flue gas outlet section 1b. The absorbent slurry inject- 
ed from header pipes 5 flows downward through a layer 
of packing material 6 while absorbing sulfur dioxide, and 
enters tank 2 where it is oxidized by contact with a large 
number of air bubbles blown in and agitated by air sparg- 
er 3, and then undergoes a neutralization reaction to 
form gypsum. The predominant reactions occurring in 
the course of these treatments are represented by the 
following reaction formulas (1) to (3). 



(Flue gas inlet section of absorption tower) 



SO2 + HgO ^ H" + HSOg' 



(Tank) 



+ HSO3 + I/2O2 



2H + SO, 



(1) 



(2) 



25 



2H + SO, 



+ CaCOg + HgQ 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view illustrating the overall 
construction of a wet flue gas desulfurization sys- 30 
tern in accordance with one example of the present 
invention; 

FIG. 2 is an enlarged side view illustrating an es- 
sential part of the wet flue gas desulfurization sys- 
tem of FIG. 1; 35 
FIG. 3 is an enlarged plan view illustrating a char- 
acteristic part of the wet flue gas desulfurization 
system of FIG. 1 ; and 

FIG. 4 is a schematic view illustrating the overall 
construction of a conventional wet flue gas desul- 40 
furization system. 

DETAILED DESCRIPTION OF PRIOR ART 

Fig. 4 is a schematic view illustrating an example of 45 
a wet lime-gypsum desulfurization system of the tn-situ 
type. 

As illustrated in FIG. 4, this system is equipped with 
an air sparger 3 of the commonly referred to rotating arm 
type which blows oxidizing air in the form of fine bubbles so 
while agitating the slurry in a tank 2. Thus, the absorbent 
slurry having sulfur dioxide absorbed therein is brought 
into efficient contact with the air within tank 2 to be oxi- 
dized completely and thereby form gypsum. 

More specifically, in this system, untreated flue gas 55 
A is introduced into a flue gas inlet section la of an ab- 
sorption tower 1 and brought into contact with an ab- 
sorbent slurry injected from header pipes 5 by means of 



CaS04.2H20 



COo 



(3) 



Thus, the slurry within tank 2 comes to have sus- 
pended therein gypsum and a small amount of lime- 
stone used as absorbent. In this case, the slurry is with- 
drawn through a pipe line branching off from the delivery 
pipe of circulating pump 4, and fed to a solid-liquid sep- 
arator 7 where it is filtered and recovered as gypsum C 
having a low water content (usually of about 1 0%). On 
the other hand, the filtrate from solid-liquid separator 7 
is conveyed to a filtrate tank 8, stored temporarily there- 
in, and suitably supplied to a slurry preparation tank 10 
as feed water for the preparation of an absorbent slurry 
by means of a pump 9. 

Slurry preparation tank 10 has a stirrer 11 . by which 
limestone (absorbent) introduced thereinto from a lime- 
stone silo 1 2 by means of a conveyor 1 3 and water sup- 
plied by means of the aforesaid pump 9 are mixed and 
stirred to form an absorbent slurry. The resulting absorb- 
ent slurry is suitably withdrawn by means of a slurry 
pump 14 and fed to the tank 2 of absorption tower 1 . 

During the operation of this slurry preparation tank 
1 0, the amount of water introduced thereinto is regulat- 
ed, for example, by means of a controller and a flow con- 
trol valve (not shown). Moreover, limestone is supplied 
thereto in an appropriate amount corresponding to the 
amount of water introduced, by controlling the operation 
of the rotary valve 12a of limestone silo 12. Thus, slurry 
preparation tank 10 is maintained in such a state that 
an absorbent slurry having a predetermined concentra- 
tion (for example, of about 20% by weight) is always 



3 



EP 0 793 994 A1 



6 



stored on a level within certain limits. 

In addition, make-up water (i.e., industrial water or 
the like) is suitably supplied, for example, to the afore- 
said filtrate tank 6. Thus, the water gradually lost, for 
example, by evaporation in absorption tower 1 is made 
up tor. 

Moreover, in orderto maintain a high degree of des- 
ulfurization and a high purity of gypsum during opera- 
tion, the sulfur dioxide concentration in untreated flue 
gas A, and the pH and limestone concentration and like 
of the slurry within tank 2 are detected with sensors, and 
the feed rate of limestone and the feed rate of the ab- 
sorbent slurry are suitably regulated by means of con- 
trollers (not shown). 

Furthermore, during operation, the temperature of 
the slurry within the tank 2 of absorption tower 1 is stead- 
ily maintained at about 50**C owing to the heat of the 
flue gas and the heat of reaction evolved in the aforesaid 
reactions. 

In the above-described conventional wet flue gas 
desulfurization system, a pit for the preparation of an 
absorbent slurry (i.e., slurry preparation tank 10) and 
components attached thereto (e.g., stirrer 11, slurry 
pump 14, and the pipe line extending from slurry pump 
1 4 to tank 2) are required. Consequently, there has been 
a limit to the simplification of the equipment which tends 
to be more and more eagerly desired in recent years. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

One example of the present invention is more spe- 
cifically described hereinbelow with reference to the ac- 
companying drawings. 

FIG. 1 is a schematic view illustrating the overall 
construction of a wet flue gas desulfurization system in 
accordance with this example, and FIGs. 2 and 3 are 
enlarged side and plan views, respectively, illustrating 
an essential part (i.e.. a slurry preparation compartment 
and the like) of the system. 

In the following description, the same elements as 
described above in connection with the conventional 
wet flue gas desulfurization system illustrated in FIG. 4 
are designated by the same reference numerals, and 
therefore, the explanation for those is commonly omit- 
ted. 

As illustrated in FIG. 1, the wet flue gas desulfuri- 
zation system of this example is constructed so that, on 
one side of the tank 2 of absorption tower 1 , there is 
provided a slurry preparation compartment 22 separat- 
ed from flue gas passage section 26 by a partition wall 
21 having its lower end submerged below the surface 
of the absorbent slurry, whereby limestone (absorbent) 
-and water constituting-the-absorbent slurry are directly 
introduced into this slurry preparation compartment 22. 

In this example, slurry preparation compartment 22 
has a square shape in the horizontal section as illustrat- 
ed in FIG. 3, and the bottom wall thereof slopes down 



toward the center of tank 2 as illustrated in FIG. 2. This 
slurry preparation compartment 22 communicates with 
the internal space of tank 2 by an opening defined under 
partition wall 21 (below the surface of the slurry). 

5 Tank 2 may have, for example, a size of about 14 
m square in horizontal section, while slurry preparation 
compartment 22 may have a size of about 2.5 m square 
in horizontal section. 

The top wall of this slurry preparation compartment 

10 22 is provided with a vent pipe 23 and a limestone inlet 
port 24. Moreover, as illustrated in FIGs. 2 and 3, a water 
supply pipe 25 connected to the delivery side of pump 
9 is provided in a side wall of this slurry preparation com- 
partment 22. 

IS In order to discharge the water vapor produced In 
slurry preparation compartment 22 on the basis of the 
so-called chimney effect, vent pipe 23 extends upward 
to a sufficient height and has an upper end open to the 
atmosphere. 

20 In this example, the end part of water supply pipe 
25 is bent so as to be parallel to an inner sidewall of 
slurry preparation compartment 22. and forms a nozzle 
25a for injecting the water delivered by pump 9. 

In the wet flue gas desulfurization system construct- 

25 ed in the above-described way, limestone used as ab- 
sorbent and water within filtrate tank 8 are directly intro- 
duced into the tank 2 of absorption tower 1 by way of 
slurry preparation compartment 22. Moreover, the phe- 
nomenon in which limestone powder agglomerates into 

30 lumps and settles to the bottom of slurry preparation 
compartment 22. and the phenomenon in which lime- 
stone powder is deposited as wet adherent scale in the 
neighborhood of limestone inlet port 24 can be positively 
prevented, so that the absorbent slurry can be supplied 

35 smoothly. This makes it possible to perform a satisfac- 
tory operation while maintaining a high degree of des- 
ulfurization and a high purity of gypsum which are similar 
to those achievable in the prior art. 

More specifically, limestone dispensed from silo 12 

40 by means of rotary valve 1 2a is conveyed on conveyor 
1 3 and introduced into slurry preparation compartment 
22 through inlet port 24. In this process, the introduced 
limestone scarcely comes into contact with the water va- 
por and flue gas within absorption tower 1 owing to the 

45 functions of partition wall 21 . Moreover, in this example, 
the introduced limestone scarcely comes into contact 
with the water vapor produced in slurry preparation com- 
partment 22, owing to the chimney effect exerted by vent 
pipe 23. 

50 Furthermore, in this example, water within filtrate 
tank 8 is supplied by injecting it from the tip (i.e., nozzle 
25a) of the aforesaid water supply pipe 25 into the in- 
ternal space of slurry preparation compartment 22 un- 
der the delivery pressure of pump 9. Consequently, the 

55 resulting stream of water serves to agitate the fluid with- 
in slurry preparation compartment 22. so that the solid 
component (i.e., limestone) is restrained from precipi- 
tating to the bottom of slurry preparation compartment 
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22. Especially in this example wherein the direction of 
injection of the aforesaid nozzle 25a is determined so 
as to be parallel to an inner sidewall of slurry preparation 
compartment 22, a swirling and strong stream of water 
is efficiently produced in slurry preparation compart- 
ment 22, resulting in essentially no precipitation of lime- 
stone. 

Thus, the phenomenon in which the introduced 
limestone absorbs moisture as a result of contact with 
water vapor and flue gas, or prec ipitates, to agglomerate 
into lumps and settle within slurry preparation compart- 
ment 22, and the phenomenon in which limestone pow- 
der is deposited as wet adherent scale in the neighbor- 
hood of limestone inlet port 24 can be prevented with 
almost complete certainty. 

Although this system is constructed so that lime- 
stone is directly introduced into tank 2, the functions of 
the slurry within tank 2 remain unchanged. Consequent- 
ly, the degree of desulfurization and the purity of gypsum 
are maintained on a high level which has been achiev- 
able in the prior art. 

The reason for this is that, even if some of the in- 
troduced limestone settles in slurry preparation com- 
partment 22. the limestone slips down on the bottom 
surface of slurry preparation compartment 22 and flows 
into the internal space of tank 2 where it is eventually 
dispersed thoroughly by a powerful and vigorous agitat- 
ing stream of water produced by the agitator installed 
within tank 2 (in this case, rotating arm type air sparger 
3). This fact has been confirmed by trial runs made by 
the present inventors on testing equipment. 

Thus, the wet flue gas desulfurization system of this 
example is constructed so that limestone and the filtrate 
are directly supplied to absorption tower 1 . Consequent- 
ly, a large number of conventionally required devices 
and components, including the absorbent slurry prepa- 
ration tank, the stirrer, the slurry pump, and the pipe line 
extending from the slurry pump to the absorption tower, 
can be totally eliminated to achieve a marked simplifi- 
cation of the equipment. 

Moreover, in this example, vent pipe 23 is provided 
to discharge the water vapor produced in the slurry prep- 
aration compartment 22, and feed water is injected from 
water supply pipe 25 to produce an effectively agitating 
stream of water in slurry preparation compartment 22. 
This serves not only to achieve a smoother supply of the 
absorbent and thereby secure higher reliability, but also 
to eliminate the necessity for an agitator installed within 
slurry preparation compartment 22, resulting in a further 
simplification of the equipment. 

The present invention is not limited to the above- 
described example, but may be practiced in various 
ways. For example, a small-sized agitator may be in- 
stalled within slurry preparation compartment 22. Even 
in this case, the absorbent slurry preparation tank, the 
pipe line for conveying the absorbent slurry, and the like 
can be eliminated to achieve a simplification of the 
equipment. Moreover, slurry preparation compartment 



22 may have, for example, a cylindrical shape. 

Furthermore, vent pipe 23 and water supply pipe 25 
are not necessarily required. For example, under tem- 
perature conditions which cause little water vapor to be 

5 produced, vent pipe 23 need not be provided. Moreover, 
when an agitator as described above is installed, a sim- 
ple water inlet port may be provided in place of the afore- 
said water supply pipe 25. 

It is to be understood that the present invention can 

10 also be applicable to various other types of absorption 
towers such as spray towers, packed grid towers, liquid 
column type absorption towers and gas dispersion type 
absorption towers. Moreover, the present invention can 
be applied not only to wet flue gas desulfurization sys- 

15 terns of the in-situ oxidation type, but also to wet flue 
gas desulfurization systems of a type in which an oxida- 
tion tower is installed separately from the absorption 
tower. 

20 

Claims 

1 . A wet flue gas desulfurization system for removing 
sulfur dioxide present in flue gas by absorption into 

25 an absorbent slurry, which comprises an absorption 
tower (1) having at a bottom thereof a tank (2) for 
holding an absorbent slurry; a circulating pump (4) 
for feeding said absorbent slurry within the tank to 
a flue gas inlet section (la) in an upper part of said 

30 absorption tower and bringing said absorbent slurry 
into contact with flue gas; and a slurry preparation 
compartment (22) provided on one side of the tank 
of said absorption tower and separated from a flue 
gas passage section (26) by a partition wall (21) 

35 having its lower end submerged below a surface of 
said absorbent slurry, whereby an absorbent and 
water constituting said absorbent slurry are directly 
introduced into said slurry preparation compart- 
ment. 

40 

2. A wet flue gas desulfurization system as claimed in 
claim 1 wherein a vent pipe (23) having an open 
upper end is provided at a top of said slurry prepa- 
ration compartment. 

45 

3. A wet flue gas desulfurization system as claimed in 
claim 1 or 2 wherein a nozzle (25a) for injecting wa- 
ter constituting said absorbent slurry into said slurry 
preparation compartment is provided. 

so 

4. A wet flue gas desulfurization system as claimed in 
claim 3 wherein a direction of injection of said noz- 
zle is determined so as to be parallel to an inner 

- sidewall of said slurry preparation compartment. 

55 
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